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DISASSEMBLY OF MELANOSOMES IN DETERGENTS* 
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ABSTRACT 
A method is reported for the isolation of melanosomes from black mouse hair. Keratin is 
removed from the hair by a two-step process consisting of alkaline hydrolysis and 
subsequent enzymatic (trypsin) digestion. The effects upon isolated melanosomes of several 
protein denaturing agents such as urea, guanidine hydrochloride, 2-mercaptoethanol, and 
various detergents have been studied at several pHs and temperatures. It was found that 
detergents caused dissolution of melanosomes yielding three major melanoproteins which 
differ in electrophoretic mobility and molecular weight. 
The studies to be reported in this communica-
tion are directed at the biochemistry of melano-
somes, particularly the nature of their constituent 
proteins. Subsequent papers will deal with further 
aspects of this problem. 
Melanosomes are minute pigment granules 
which are synthesized by epidermal melanocytes. 
They are found in the cortex and medulla of hair 
as well as in other epithelial tissues. It has been 
shown [1, 2, 3] that in the melanosomes the 
phenolic pigment melanin is bound to protein. 
The melanoprotein has never been isolated in its 
native form, although previous workers have iso-
lated the material in a denatured state. These 
studies of melanoproteins isolated from bovine 
choroids (4], hair and melanoma tissues [5] have 
been based upon dissolution in strong alkali 
followed by reprecipitation with acid. In each case 
the material has been seriously denatured. 
The purposes of the present study were: ( 1) To 
describe a technique for the isolation of melano-
somes from mouse hair. The technique used is 
based upon tryptic digestion of previously par-
tially hydrolyzed hair shafts. (2) To investigate 
the effects of several protein denaturing agents 
upon isolated melanosomes. It has been found 
that detergents are effective solubilizing agents for 
the major biochemical constituents of the melano-
somes. (3) To characterize the major protein 
components of the melanosomes. Three distinct 
melanoproteins which differ in molecular weight 
· and electrophoretic mobility have been isolated. 
MATERIALS AND METHODS 
Materials. Hair was removed by plucking from black 
mice (C57Bl). It was washed three times with water, 
acetone, and chloroform, and dried before use. 
Isolation of melanosomes. One-gm samples of hair 
were placed in 80 ml 0.5 M NaOH at 60° C for 2 hr. 
Partial hydrolysis of hair keratin occurred during this 
period and the nonhydrolyzed residue consisted of frag-
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ments of 3-4 medullary hair cells which were filled with 
melanosomes. These were collected by centrifugation 
and the sediment was washed three times in 0.1 M 
phosphate buffer, pH 7.4. The fragments were subse-
quently suspended in 0.25% trypsin solution in phos-
phate buffer and were incubated with continuous stir-
ring for 1 hr at 37° C. In the course of tryptic digestion, 
the melanosomes were freed from the keratin fragments. 
They were harvested by centrifugation, washed three 
times in phosphate buffer, and subsequently treated 
with the protein denaturing agents noted below. 
Melanosome disassembly. Melanosomes were made 
up to a concentration of 2.5 x 10' particles/ml, and were 
exposed to the following agents: 3% Triton X-100 (Ser-
va), 3% sodium dodecyl sulfate (Serva), 3% sodium 
deoxycholate (Poland), 8 M urea (Analar), 0.5 M 2-mer-
captoethanol (Merck), 6 M guanidine hydrochloride 
(BDH). The concentrations noted are those at final 
dilution. pHs of the samples were adjusted to 9.5 with 
sodium hydroxide and, except where otherwise indi-
cated, the samples were incubated at 54 o C for 24 hr. 
The disassembly of melanosomes was estimated by 
photocolorimetric assay (Spekol Jena photocolorimeter). 
The released material was read at 400 nm following 
removal of undissolved melanosomes by centrifugation. 
Electron microscopy. Purity of the melanosome 
preparations was determined by electron microscopic 
assay. One drop of melanosome suspension was applied 
to carbon-coated formvar grids for 30-60 seconds. The 
drop was withdrawn and material on the grids was 
stained with 1% sodium phosphotungstate. 
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Additional studies were performed on fixed, embed-
ded sections. Aliquots were removed both before and 
after exposure to the denaturing agents and were har-
vested by centrifugation. The supernatant was removed 
and the resulting pellets were washed three times in 
phosphate buffer containing 0.5% sucrose. They were 
prefixed in 3% gluteraldehyde in 0.1 M phosphate buffer, 
pH 7 .4, for 2 hr. The pellets were washed for 24 hr in the 
same buffer, and were subsequently fixed for 1 hr in 1% 
OsO, in 0.1 M phosphate buffer, pH 7.4. The samples 
were dehydrated in ethanol and propylene oxide and 
were embedded in araldite. Ultrathin sections were 
prepared on an LKB ultratome, stained with uranyl 
acetate and lead citrate, and examined in an Opton 
EM9S electron microscope. 
Concentration of melanoproteins. The solubilized 
material obtained following treatment with Triton 
X-100 was centrifuged for 20 min at 4,000 rpm in order to 
sediment nonsolubilized particles. The supernatant was 
dialyzed for 72 hr at room temperature against several 
changes of alkalinized distilled water (pH 9) in order to 
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rernuw detergent~. and t lw dialvsis hal!: wa~ cowred 
with ;l!l excess ol soltd ammonium sulfatt• in order to 
Nmeentratt' the nutH•rial in t ht• hag . Follow in!!: '2 :·1 hr, 
tht• hug <·onh•nt s cunsistt-d of prt•eipitatcd proH•itl> . Thl• 
prot Pins wPrP suh~l'4UI'nt lv dialvzed for 41l hr a~:ainst 
sen•ral ('hange-;; <>f alkalinizl'd dts tilled water~ pH R.il i at 
roon1 tcmpcrat urt:• in ord(•r to rerno\·t· any amnloniurn 
sul!!JH• that had entPrPd thl• bag. This pmtl'i n ,;olution 
was suhjectNl to spe('trophntometric analysis. to gel 
filtration , 1111d to dis<· ele('trophnre~i~ . 
A b.l'orptiun ·'{Ject ru. Ahs<Jq>tinn spe('t r:t W<•r(• obt ainrd 
on a VSl ' (.Jemtl spectrophotonwter. 
EIPrtmphoretic studies. (:eb were prepared contain in~ 
ll,;,,·; c~·;tn<'>gum and WNl' polvm\'rized wit h 0.1 ·1' . am· 
rnuniurn per~ull'ate . Elt:>ctrophoresls w.u~ c:.Hnt•d out in 
o.o:, Tris·l!l~·l'i nl' hulft•r t pH 1<.91 l'or 1 :\ hr :H a con"t ant 
turrl'nt of .o, rnA per gel to.:, x Ill ('lll l. Tlw 1-(Pl:.: wt•rf' 
staitwd with 1'', arnidoschwaru. in /"; m·etit· ;H·id . 
Estimation v{ mulewlar weil!ilt. Tht> molel'u lar 
wt·ight of the protein l'ra!'tions wM e;;rimatt~d hy gel 
filtr<Hion . A Sephadex (;.~(~) column II x ·I'' nn l was 
equilibrated with tl ,o;, M horatt• hufler 1 pH H.Xl. The 
l1ow wa~ downw;lfd at a r>llt~ of I:! mlihr. Tlw rolumn 
wa:.: calihr;Hed with tht• following standarck hluf' Dt>x-
tran :!,IKlO 1~.W . l .O<~l.lMIO l . ntt garnnw gl11hulin 1\1.\\'. 
lf):">,IKKl). human hemoglobin tM.W. fifl.(lOOI. and trypsin 
1~.W. :\:"l.(M)Ot. Each sub:.:tance wa:.: run ,;epartl!t>ly. 
Two.rn l aliqtwts wt•rt> t't •llt•ctt>d from tht• colum n and 
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t ht,.ir ah;mrham·(• W;lS dPtNmined at 1iR nm. Hlue 
Dextran was moniton•d a t li lf> nm. A t:alihratinn curve 
was prepun~d b~· plort inJ!: t ht• el\11 ion volunw,; against tht' 
rnolt·<·ular wl'ights of tht• :.: umdard~. !Juring studies of 
th!• rnclanoproteins tlwms!'h-Ps. 1-rnl solutions were 
applil'd to the column' and the optil'al dE·nsity of each 
tube wa~ n•ad at 1/H mn and :{.lllnm to estimate protein 
and nwlanin <·<•nn>ntration respectively. The molecular 
1veight of each f'lflu(·nt perlk wa~ cakulat!'d from the 
standard curn•. 
HE~\.'t.T~ 
Isola/ iun of melano.~omes. The alkaline hydroly-
sis procedure was monitored by light microscopy 
and was found to caww maximum hydrolysis of 
hair and minimal deterioration of melano8omes. 
The suh~equent tryptic digestion of the partially 
hydrol.vzed residues wa::; successful since both 
melanosoml':< and melanin (6, 71 are known to re-
sist prolonged tryptic digrstion. The melanosornes 
r<.•t ained their intact !:'tructure. but the keratin 
re~idues essen! ially disappeared . At the end of the 
digestion, no keratin filaments remained and the 
melanosomes appearrd morphologically intact 
!Fig. lt. 
Ft(:. 1. bolatNI melanosornes appli1•d direl't ly to !(riels and stained with phosphotungstatP .. flf>OO. 
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Disassembly of melanosomes in protein dena-
turing agents. The melanosome suspensions at 
concentrations of 2.5 x 10' particles/ml were 
subjected to disassembly in several protein dena-
turing agents: 0.5 M 2-mercaptoethanol, 6 M 
guanidine hydrochloride, 3% sodium dodecyl sul-
fate, 8 M urea, at pH 9.5. Each sample was 
digested for 24 hr at 54 ° C and different behavior 
was revealed (Fig. 2). Both SDS and urea caused 
significant solubilization as noted by colored ma-
terial passing into solution. 2-ME had no effect. 
Guanidine hydrochloride caused flocculation of 
the melanosome suspensions with formation of 
pellets, but no apparent solubilization. 
The results of treating free melanosomes in 
suspensions of identical concentrations (2.5 X 10' 
particles/ml) with different detergents was stud-
ied. Figure 3 summarizes results of such treatment 
with 3% SDS, 3% DOC, and 3% Triton X-100 at 
pH 9.5 and 54° C. A melanosome suspension 
previously adjusted to pH 9.5, but not treated 
with detergents, was used as a control. 
In order to assay the contribution of the two 
factors associated with this disassembly process 
(temperature and alkaline pH), four samples 
containing 3% SDS were subjected to the follow-
ing treatments: (1) pH 9.5, incubated at 54° C; (2) 
pH 8.2, incubated at 50° C; (3) pH 9.5, incubated 
at 37° C; and (4) pH 8.2, incubated at 37° C. The 
incubations were carried out for 24 hr and results 
are plotted in Figure 4. At lower temperatures 
(37 o C) and lower pH, dissolution takes place at 
a reduced rate. 
Morphologic aspects of melanosome dis-
assembly. Following dissolution with Triton 
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FIG. 2. Melanoprotein dissolved 24 hr at 54°C (pH 
9.5) in various detergents. Colorimetric determinations 
at 400 nm. 0-0-0 SDS 3%; e-e-e 2-ME 0.5 
M; &-&-&Urea 8 M; !:J.-!:J.-!:J. GuHC16 M. 
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FIG. 3. Melanoprotein dissolution after 24 hr at 54°C 
(pH 9.5). Samples were assayed in a photocolorimeter at 
400 nm. 0-0-0 SDS 3%; 0-0-0 Triton X-100 3%; 
x-x-x DOC 3%; --·-Control (without detergent). 
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FIG. 4. Melanoprotein dissolution in 3% SDS at differ-
en~ p_H and temperatu~e 2o~ditions. 0-0--<? oH 9.5. 
54 C; · · · · · · pH 9.5, 37 C, ---pH 8.2, 54 C; -----
pH 8.2, 37°C. 
X-100, the melanosomes were fixed, embedded, 
and studied by electron microscopy. Disassembly 
appeared to occur gradually associated with disso-
lution and unfolding of the melanoprotein. In 
some melanosomes (Fig. 5) several concentric 
layers could be seen, suggesting that dissolution 
starts from the surface. Discontinuities at the 
periphery of some particles appear to indicate that 
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F1c:. 5. Electron microscopic sections of melanosomes following 18-hr treatment with 3')[. Triton X-100 at 54 ° C (pH 9.1ll . X 1)[)(1() . 
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FIG. 6. Absorption spectra of melanosomes dissolved 
in Triton X-100 and subsequently concentrated (solid 
line) . The absorption maxima ar~ lost when the prepara-
tion is dissolved in 0.1 M NaOH for 12 hr at 45°C (dotted 
line). 
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disassembly takes place by successive removal of 
sheets of protein from the outside of the particles. 
Biochemical characteristics of melanosome 
melanoproteins. The solubilized melanoproteins 
appear brown in color, precipitate at acid pH, and 
are insoluble at alkaline pH. In the visible range 
the solutions display a continuous decrease of 
absorbancy to 630 nm without any absorption 
peak. In the UV range , three absorption maxima 
are apparent : at 210, 225, and 278 nm (Fig. 6). 
This absorption spectra allows estimation of the 
solubilization and purification method. A sample 
of isolated melanosomes was treated for 12 hr at 
45° C in 0.1 M NaOH using the procedures of 
Trensz and Raab [4) and Bolt [5). The absorption 
maxima at 225 and 278 nm were destroyed by the 
technique, suggesting significant denaturation of 
the proteins. 
Electrophoretic and molecular sieve chromato-
graphic studies were performed to determine 
whether the melanoproteins were homogeneous or 
heterogeneous. The elution profile of the solubi-
lized material following chromatography on Seph-
adex G-200 is shown in Figure 7. Three major 
UV absorption peaks were seen which differed 
from each other in molecular weight. The calibra-
tion curve in Figure 8 indicates that the estimated 
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FIG. 7. Sephadex G-200 chromatography of solubilized melanoproteins. The solid line indicates the optical 
density of the eluates at 278 nm . The dotted line indicates optical density at 340 nm. The three main melanoproteins 
eluted at 26, 36, and 51 ml of effluent fluid. 
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FrG. 8. Sephadex G·200 calibration curve indicating the positions of rat immunoglobulin (lgG) , human 
hemoglobin (Hb), and trypsin (Tryp) . The effluent volume is plotted against the log of the molecular weight. 
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molecular weights for these three peaks are 
170,000, 90.000, and :11.000. 
Disc electrophoresis also revealed three bands 
(Fig. 9J. These materials differ from each other in 
either molet:ular size or electric charge. 
D!Sct'SSION 
The studies presented in thi~ report indicate that 
most of the interactions responsible for the stable 
quarternary structure of the melanosomes are 
non-covalent in nature. This can be determined 
since the structures can be dissolved without 
using extremes of pH. The fact that 2-ME did not 
result in dissolution suggests that disulfide bonds 
• 
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FtG. 9. Disc electrophoresis of melanoproteins on an 
8.5% gel (pH 8.9). Proteins were stained with 1% 
amidoschwartz in 7% acetic acid. Origin is at the top. 
are not involved in the st ructural integrity of the 
melannsomes. The efficient solubilization with 
detergents indicates that hydrophobic interac-
tion~ may be important in maintaining the native 
structure of melanoprotein~. The quantitative 
contributions of the hydrophobic interactions, 
hydrog~:n bonds. van der \Vaals forces. and salt 
bonds cannot be determined from the studies 
reported in this paper. Melanosomes disassem-
bled using a combination of three factors: moder-
ate alkalinity (pH 9.5). mild temperature (54° C), 
and an ionic ( SDS or DOC) or non ionic (Triton 
X-100) detergent. Milder conditions used in the 
initial stages of these studies resulted in decreased 
solubility. The method reported in this paper 
results in significantly less denaturation than 
those that have been used previously [4. 5j. The 
method is currently being used for further detailed 
studies of the physieo-chemical properties of the 
melanoproteins. At the present time three mela-
noproteins which differ in molecular weight and 
electrophoretic mobility can be identified. Further 
studies may indicate even increased complexity of 
these several fractions. 
ThE- author i~; deep!~· indehted to her colleague. Dr. 
Vi(:tor Ghetie. for astiistam:e with thr gel filtration 
studies and advice t hrnug-hout thP investigation. 
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